Introduction
Traumatic hip dislocations are usually observed following high-energy trauma-mostly caused by traffic accidents [1] [2] [3] , but also seen in professional athletes [4] . Hip dislocations are classified into central, posterior and anterior types, whereas the latter are further subdivided into inferior (obturator) and superior (pubic) types [5] . Anterior hip dislocation is a rare injury, with a reported frequency ranging between 7-13% [1, 6] of all hip dislocations. Injuries associated with anterior hip dislocation such as impaction fractures of the femoral head have reported frequencies ranging from 15 to 35% [7] [8] [9] , whereas fractures of the acetabulum were rarer, occurring in only 4% [9] of cases. The purpose of this study was to revisit this rare joint dislocation, to describe the pattern of injury and long-term outcome in a retrospective series of adult patients treated at two trauma centres.
Patients and methods
Between January 2001 and December 2008, a total of 60 traumatic dislocations of the hip (7/60 anterior, 53/60 posterior) were admitted to a level one trauma centre. Between January 2004 and December 2008, a total of 40 traumatic dislocations of the hip (3/40 anterior, 37/40 posterior) were admitted to a second level one trauma centre.
Closed reduction was performed with the patient in the supine position under general anaesthesia in all cases.
Traction was applied in the line of the deformity, and a combination of rotary movements and gentle pressure on the flexed knee were used to reduce the femoral head into the acetabulum. After successful closed reduction, computed tomography of the hip joint was performed in all cases in order to detect additional injuries. In terms of additional hip injuries, the indication for surgery was impaction fractures deeper than 4 mm, which are at an increased risk of developing post-traumatic osteoarthritis [10] . As is the case with posterior acetabular fracture-dislocations, acetabular fractures involving more than 25% of the acetabulum might compromise hip stability [11] and were treated operatively using an iliofemoral approach (modified Smith-Petersen approach).
The course and requirements of the postoperative rehabilitation depended on the additional injuries to the hip and/or additional orthopaedic injuries (e.g. partial weight bearing in the case of fractures of the tibial plateau or the femur or transfer to a wheel chair in cases of bilateral fractures of the medial malleoli). In cases undergoing nonoperative treatment, full weight bearing was allowed with crutch assistance for 2 weeks. In addition, passive extension was not allowed and active hip flexion was limited to 90°for this period to reduce stress on the afflicted anterior joint capsule and to lower the risk of hip flexor tendinitis, respectively [12, 13] .
In cases undergoing surgical treatment, partial weight bearing of approximately 15 kg of the injured lower extremity and no more than 90°of flexion with no extension for 6 weeks were required except in one case treated with osteochondral transplantation. In this particular case, the limitations of the aftercare were partial weight bearing of approximately 15 kg of the left lower extremity for 3 months and no more than 60°of flexion of the left hip for 6 weeks.
The functional status of the injured hip joint was assessed using the Harris Hip Score [14, 15] , the WOMAC Score [16] and the patients' activity status with the UCLA Score [17] . The occurrence of osteoarthritis (OA), heterotopic ossifications (HO) or avascular femoral head necrosis (AVN) was evaluated according to Tönnis [18] , Brooker [19] and Ficat [20] classifications respectively. Overall evaluation of the clinical and radiological results was performed using the ranking criteria by Epstein [7] . Accordingly, the clinical results were graded as ''excellent'', ''good'', ''fair'' or ''poor'' and the radiological results were graded as ''excellent'' (normal), ''good'' (minimum changes), ''fair'' (moderate changes) or ''poor'' (severe changes).
P values are not provided as the statistical analysis used was descriptive. The assessments of the patients were undertaken by the first author (JDB).
Results
Traumatic anterior hip dislocation occurred in ten of 100 patients admitted for traumatic hip dislocation at two institutions (8 men, mean age: 43, 22-62 years). In seven of ten cases dislocations were anteroinferior and three of ten were anterosuperior ( Table 1 ). The mean Glasgow Coma Scale (GCS) was 12.8 ± 4.4 and the mean Injury Severity Score (ISS) [21] was 16.6 ± 11.6. In eight of ten cases (case 1, 2, 4-6, 8-10), patients experienced a high-energy trauma, with additional orthopaedic and/or non-orthopaedic injuries. In two of ten cases the patients sustained no further injuries to the body and were initially transferred to the nearest hospital (case 3, 7). For all patients, the mean hospital stay was 12.3 ± 8.6 days ( Table 2) .
Four patients had no additional injuries associated with the dislocation (cases 2, 4, 5, 8). Four patients presented with impaction fractures of the femoral head (cases 6, 7, 9, 10) and three patients had fractures of the anterior acetabular wall (cases 1, 3, 7), which in one was an open dislocation (case 1). Seven of ten patients were treated nonoperatively (cases 2-6, 8, 10): Four patients showed simple dislocations without additional injuries to the hip (cases 2, 4, 5, 8), two patients had femoral head impaction fractures \4 mm depth (cases 6, 10) and in one patient with a fracture of the anterior acetabular wall the fragment was too small to be fixed (case 3).
Three of ten patients underwent surgery (cases 1, 7, 9) to treat the additional injuries caused by the traumatic dislocation (Table 2) . Surgical hip dislocation with osteochondral transplantation (OCT) [22] was necessary in one patient due to a large-sized defect in the femoral head due to an impaction fracture ([4 mm depth) (case 9). In two cases, anterior wall fragments (involving [25% of the acetabulum) were either fixed by screws or by plate osteosynthesis to prevent consecutive hip instability (case 1; case 7, Fig. 1) .
Nine of ten patients were assessed clinically and radiologically at a follow-up of 4.8 ± 2.3 years (mean ± SD). One patient was lost to follow-up due to relocation to another country. The individual results of each case are presented in Table 3 for the clinical and in Table 4 for the radiological parameters. The overall results documented at the last follow-up were: mean Harris Hip Score: 88 ± 19, WOMAC Score: 15 ± 23, mean UCLA Score of 6. Four, two and three patients had an excellent, good, fair clinical result, respectively, according to Epstein criteria.
In the radiological assessment, in three patients (cases 1, 3, 6) osteoarthritic changes were observed (grade I: 1, grade II: 2) and four patients (cases 1, 3, 7, 9) had heterotopic ossifications (HO) during follow up (class I: 1, class II: 2, class III: 1). In three patients HO occurred at the anterolateral aspect of the hip, close to the site of the acetabular fracture within one year of the injury, and in one patient (case 9) at the anterior aspect of the capsule and cranial to the tip of the greater trochanter. Enucleation of these HOs was performed in two patients (cases 3, 7). AVN with collapse of the femoral head was observed in one patient (case 6), but at the last follow up, total joint replacement was not required. At the latest follow up, five, one and three patients were documented as showing excellent, good and fair results, respectively, according to Epstein criteria. In patients treated operatively, no perioperative complications were observed. No patient suffered from repeat dislocation during the period of follow-up.
Discussion
Due to the infrequency of anterior traumatic hip dislocations in comparison with posterior dislocations, details concerning anterior hip dislocations and associated injuries as well as treatment recommendations (non-operatively vs. operatively) are scarce. In our investigation, patients without any additional injuries to the hip were treated nonoperatively and generally showed excellent clinical and radiological results. Associated hip injuries complicating anterior hip dislocations are the occurrence of femoral head impaction fractures or fractures of the acetabulum at risk for post-traumatic hip osteoarthritis. At the time of the anterior hip dislocation, the femoral head may be compressed against the anterior acetabular rim leading to impaction defects within the femoral head or avulsion/fracture of the anterior acetabular rim/wall. Impaction defects have been observed at variable frequencies ranging from 15 to 35% [7] [8] [9] and were associated with an increased incidence of post-traumatic osteoarthritis of the hip-from 23% overall to 88% when additional head impression fractures were present [7] . Severe osteoarthritic changes and poor clinical results have been reported, especially in patients with impaction fractures deeper than 4 mm [10] . Based on these findings, three patients (cases 6, 7, 10) with superficial (\4 mm depth) impaction fractures were treated non-operatively in our series, with excellent radiological outcome being obtained in two cases, whereas a fair outcome was achieved in one. The latter result was most probably related to the occurrence of AVN rather than to the occurrence of post-traumatic osteoarthritis. We observed AVN only in one case, which is in accordance with results found in the literature where the incidence of AVN after traumatic anterior hip dislocation was reported to be about 9% [1] . In one patient (case 9) a large defect of 10 9 20 mm area and 5-mm depth was found in postreductional CT scans. In this case, surgical reconstruction with osteochondral transplantation involving the harvesting of an osteochondral autograft from the head-neck junction and transfer of the graft into the main defect in the femoral head was performed. This technique achieved good clinical and radiological results according to the Epstein criteria at 2 years and prevented early joint degeneration [22] . Although osteochondral transplantation is a well-described technique for the treatment of osteochondral defects in joints [23] [24] [25] [26] , the treatment of osteochondral defects in the hip joint has not been extensively described in the literature. Based on our results in this particular case, we recommend this technique as a salvage procedure for femoral head impaction fractures also after posterior hip dislocation and we confirm nonoperative treatment recommendations in cases of superficial femoral head impaction defects. Little has been reported about the occurrence of acetabular fractures in combination with anterior hip dislocation [27] . Recommendations on the appropriate treatment of these fractures (non-operative versus operative) are scarce [3] . However, traumatic posterior hip dislocations are associated with fractures of the acetabulum in 46-70% of cases [1, 5, 6, 28] . Regarding these cases, Vailas et al. stated that acetabular fracture fragments involving less than 25% of the acetabulum do not affect hip stability and might be treated non-operatively [11] . In our series, three of ten cases showed additional fractures of the acetabulum (Table 2, cases 1, 3, 7) . In one patient (case 3) a small avulsion of the anterior acetabular rim was treated nonoperatively as the hip joint was stable. The patient showed good clinical results although early signs of joint degeneration could be seen on the radiograph at the long term. In two patients, surgical treatment for reduction and fixation of acetabular fracture fragments compromising hip stability yielded satisfying results. No patient with associated acetabular fracture suffered from repeat dislocation or hip instability during the period of follow-up. A further implication of traumatic anterior hip dislocation might be the occurrence of heterotopic ossifications since muscle injuries and haematoma have been identified as main risk factors [7] . In our series, HOs were frequently observed within the first year after trauma in four of nine cases. Enucleation of heterotopic ossifications was necessary in two of four cases. However, the remaining 50% had no adverse effects such as anterior hip impingement, limited range of motion or weakening of the abductor muscles, although HO was still present at the tip of the greater trochanter.
The strength of this study is the presentation of anterior hip dislocation with special focus on the additional injuries to the hip during long-term follow-up period, although the low number of cases may somewhat limit its value. The low frequency of occurrence of the described injuries restricts further clinical research, so that orthopaedic surgeons are reliant on sporadic reports to gather information on this rare injury. A further limitation might be that MRI scans for the detection of any intra-articular hip joint pathologies such as labral or chondral lesions may not have been performed. This may be the result of a lack of distinct recommendations concerning the use of MRI after anterior traumatic hip dislocation as well as the deficit in the amount of general information on chondral lesions or labrum injuries available in the literature [2, 4, 29] . However, in the acute trauma setting in the present study, conventional X-rays and CT scans were preformed after reduction to detect injuries requiring subsequent treatment. In the post-injury period, patients are re-evaluated 6 weeks after trauma in the outpatient clinic. In cases where patients complain of deep anterior groin pain, popping or locking or report a loss of motion or experience intractable pain after injury, we recommend the performance of MRI scans to detect intraarticular free fragments, labral tears or extended cartilage damage.
Conclusion
Traumatic anterior hip dislocations are rare. In such cases, additional injuries to the hip were frequently observed and resulted in an inferior clinical and radiological outcome. However, non-operative treatment of femoral head defects of less than 4-mm depth as well as surgical hip dislocation for osteochondral transplantation as a salvage procedure in defects of more than 4-mm depth allowed maintenance of the hip in the midterm. Occurrence of post-traumatic osteoarthritis was mainly related to additional acetabular fractures. Fractures involving the weight bearing-area and/or resulting in hip instability were treated with open reduction and internal fixation. In case of persistent hip pain following non-operative treatment after traumatic anterior hip dislocation MRI scans should be considered to allow detection of any intraarticular hip joint pathologies such as free fragments, labral or chondral lesions.
